Six maize inbred lines were selected on the basis of their overall performances in preliminary screening. They were subjected to complete diallel analysis for various physio-genetic parameters under water deficit conditions. There were highly significant (P<0.01) differences for all parameters, except leaf venation, among the inbred lines and their possible crosses. All traits showed additive gene action, except stomatal frequency and stomata size, which showed complete dominance and overdominance respectively. The strength of dominant and recessive genes for each trait was found different in each inbred. The narrow and broad sense heritabilities for the traits under study ranged between 35 to 80 and 32 to 78% respectively. However, stomata frequency and size might be useful while selecting maize inbred lines for hybrid seed production under limited water conditions and all other traits might be used while selecting inbred lines for synthetic genotype development.
INTRODUCTION
Maize plays a pivotal role in more food production program to cope with ever increasing population of Pakistan. It is used in the human diet in both fresh and processed forms. Besides providing food for human beings and feed for animals, it is used extensively as raw material in industry that benefits a large proportion of the world. The value addition has been an economic driver in the specialty corn markets (Hallauer and Miranda, 1988) . The global food supply demand model predicts that global demand for maize will increase from 526 M tons to 784 M tons from 1993 to 2020, with most of the increased demand coming from developing countries (Rosegrant et al., 1999) . Plants may experience many distinct abiotic stresses in the fields like water stress, salinity and temperature extreme either continuously or discontinuously at different times during the growing season (Tester and Basic, 2005) . Abiotic stresses limit crop productivity (Araus et al., 2002) . According to Jamieson et al. (1995) water requirement of maize at the time of tesseling is 135 *Corresponding author. E-mail: ahsanpbg@uaf.edu.pkm or saim_1692@yahoo.com. mm/month (4.5 mm/day) and this requirement may increase up to 195 mm/month (6.5 mm/day) during hot windy conditions. The rainfall in Pakistan is low and irregular (less than 100 mm) in maize growing areas and 70% of total rainfall occurs in July to September (Anonymous, 2003) .
Drought results in reduced crop yield, pasture deterioration and livestock death. It strongly affects the production of cereals and poses a serious threat to the food security of households, countries and even entire subcontinents. In future, the destructive impact of drought may grow, as the climate change becomes a reality. The maize crops may experience reductions in grain yields when subjected to water deficit during the critical period of crop cycle from tesseling stage to beginning of grain filling. During 1998/1999 long drought period, 48.8 mm rain only allowed grain yield of 8 t/ha while during the year 2002/03 a short duration drought at critical period reduced grain yield less than to 2 t/ha, resulting from the effects on the ear per plant and kernel per ear (Bergamaschi et al., 2004) . The use of genetics to improve drought tolerance and provide yield stability is an important part of the solution to this problem. Agronomical interventions also have their importance, since genetic solutions are unlikely to close more than 30% of the gap between potential and realized yield under water stress . However, improved genetics can be packed in a seed and easily be adapted than improved agricultural practices that depend more heavily on input availability, infrastructure, and access to markets and skill in crop and soil management .
There are two pre-requisites of evolving new lines, one is the existence of variations for the character and the second is the heritability of that character. The genetically controlled variations for drought tolerance can only enable the plant breeders to evolve drought tolerant maize lines. The previous research is evident that variation for drought tolerance exists in various crop species like wheat (Guttieri et al., 2001 ) and in maize . Because of this rich genetic diversity for drought, new methodologies can help to evolve drought tolerant varieties. Hybrids of the parents have more diversity yield than of similar parents (Troyer et al., 1998) . This research program was initiated to examine the existence of variability and its genetic basis and to evaluate a set of inbred lines of maize to obtain information on the relative importance of general and specific combining ability for grain yield and its gene action for various physio-genetic traits under drought conditions.
MATERIALS AND METHODS

Preliminary screening
The experimental material was made of 25 maize inbred lines, collected from different research institutions of Pakistan and was evaluated against drought stress of below 50% field capacity (FC) moisture deficit level. The moisture level was maintained using moisture meter (∆T-NH2, Cambridge, England). An experimental unit was a Polythene bag (18 × 9 cm) filled with sand containing one seedling. Ten seedlings of each inbred line were grown in each of the established four replications. Two replications were harvested after 15 days and the rest after 20 days from date of sowing. On the basis of their survival rate and better performance under water deficit condition, six inbred lines, including 20P2-1, L5-1, L7-2, 70NO2-2, 150P1 and 150P2-1 were selected as drought tolerant and further evaluated on the field under 50% water deficit conditions as recommended irrigation.
Final assessment phase
The inbred lines selected at the preliminary screening were crossed in full diallel fashion in spring season of 2007 to generate genetic material for final assessment and hybrid (F1) seeds were collected. The hybrid seeds (F1) along with the parental inbred lines were planted in triplicate in a randomized complete block design during autumn 2007. Sowing was done in rows at two seeds per hill and later thinned to one plant per stand at 4 to 5 leaf stage. The intrarow and inter-row spacings were 15 and 75 cm, respectively. 50% water stress was given by reducing half number of irrigations alternatively. Five tagged plants were selected from each entry at random and data were recorded for the following physio-genetic traits.
Leaf venation
Leaf venation was examined with the help of microscope (NIKON-H3, JAPAN). The low power of microscope (10X) was used to examine the leaf venation. These observations were recorded from different places of each leaf slide.
Stomatal frequency
The stomata frequency was observed from the upper surface of the middle part of the leaf blades. Two leaves from each of ten plants of each entry were taken. These leaf samples were placed in Carnoy's solution (Absolute alcohol 100 parts, Chloroform pure 50 parts, Glacial acetic acid 16 parts) for 24 h to arrest stomatal movement and to remove chlorophyll. The leaves were washed in acetone and stored in formalin solution. The cleaned leaves were examined under (10X) objective of the microscope and numbers of stomata were counted.
Stomata size
Stomata size was measured with the help of ocular micrometer using microscope (NIKON-H3, JAPAN). The medium power (40X) was used to examine the stomata size. Ocular micrometer was calibrated with the help of stage micrometer. The length and width of the stomata was measured in microns. These observations were recorded from three different places of each leaf and area was calculated by using the following formula: Area = Length × Width
Epidermal cell size
Epidermal cell size was also measured with the help of ocular micrometer using microscope (NIKON-H3, JAPAN). The medium power (40X) was used to examine the epidermal cell size. Ocular micrometer was calibrated with the help of stage micrometer. The length and width of the epidermal cell size was measured in microns. These observations were recorded from three different places of each leaf and area was calculated by using the following formula: Area = Length × Width
Silk elongation rate
Silk elongation rate was recorded following Anderson et al. (2004) . Five cobs from five tagged plants of each entry were selected to record the data under 50% stress condition. On the day of first silk appearance, the silk length was marked as zero. Length of silk was recorded daily in the morning between 7.00 to 8.00 am. Silks were kept covered with butter paper bag to rule out any chance of pollination during this period.
Elongation rate = Total length of silk/Total number of days after first silk appearance
Anthesis to silking interval
The anthesis to silking interval is the difference between the first day of anthesis to the day of silk appearance. The five tagged plants were observed for the date of anthesis and then the date of silking. Then, the days between anthesis to silking of each plant *, Significance at 5%; **, significance at 1% probability level; ns, non significant; SOV, source of variation. were counted and the mean of five plants was calculated.
Grain yield per plant
The cobs from five selected plants of each entry were harvested and threshed separately. The grains from each plant were weighed in grams using an electronic balance (OHAUS-GT4000, USA) and their mean was calculated.
Statistical analysis
The recorded data of all the parameters were analyzed by using analysis of variance (ANOVA) (Steel et al., 1997) in ordered to determine the variability among the crosses. The parameters showing significant genotypic differences among the thirty hybrids and six parents were further analyzed to determine gene action by following additive-dominance model developed by Hayman (1954) and Jinks (1954 Jinks ( , 1955 Jinks ( , 1956 ).
RESULTS
Results indicate significant differences at 0.01% probability level for all the parameters among the genotypes (parents and crosses) except leaf venation (Table 1) . In order to check the adequacy of the data for simple additive-dominance model, after analysis of variance, the data were subjected to joint regression analysis. For this purpose, the mean values of each cross and six parents were arranged (Table 3) . Variance (Vr) and covariance (Wr) values were used to construct Vr/Wr graph (Figures 1 to 6 ) to observe the mode of gene action and distribution of dominant and recessive genes.
Leaf venation
Results of joint regression analysis (Table 2) suggested that data for leaf venation were fit for simple additivedominance model. The results of Figure 1 exhibits that the regression line intercepted the Wr-axis above the point of origin, which indicated partial dominance with additive type of gene action. The regression line did not deviate significantly from unit slope, which suggested the absence of non-allelic interactions. The position of array points on regression line (Figure 1) showed that inbred line 20P2-1 had maximum dominant genes for leaf venation, being the closest to the point of origin while inbred line 70NO2-2 possessed maximum recessive genes being the farthest from origin. Table 3 shows that inbred line 70NO2-2 possessed maximum array mean (4.47) showing its best general combining ability and L7-2 secured minimum mean value (3.93) from all the inbred line, while within arrays of crosses, the cross 70NO2-2×L7-2 having the highest value (5.0) showed the best specific combining whereas 150PI×L7-2 secured minimum mean value (3.33) effects for the trait of leaf venation. The presence of additive genetic effects described moderate estimates (Table 3) of narrow sense heritability (0.36) and broad sense heritability with value of (0.32) indicative of additive with partial dominance type of gene action suggesting the feasibility of selection in early generations.
Stomatal frequency
In case of stomata frequency, the values of Wr and Vr plotted a graph (Figure 2 ) and the results of joint (Table 2 ) suggested the fitness of data for additive-dominance model. The graphical representation showed that the regression line (b) passed through the origin indicating the complete dominant gene action for stomatal frequency. The position of the array points ( Figure 2 ) on regression line exhibited that the inbred line L5-1 being closer to the origin received maximum dominant genes and 150P1secured maximum recessive genes being farther from the origin. Table 3 reveals that inbred line L7-2 with higher array mean (12.63) proved to be the best general combiner while the cross L7-2×20P2-1 showed the highest specific combining ability as it secured maximum value (13.93). The stomatal frequency (Table 3) Results of the joint regression analysis (Table 2) proved the fitness of data for genetic analysis. The inheritance of stomata size was determined as over dominance gene action because the regression line intercepted the Wraxis below the origin. As the position of array points on regression line was concerned, inbred line 150P1 secured maximum dominant genes being the nearest to origin than the 20P2-1 being the farthest from origin (Table 3) revealed that inbred line L5-1 proved to be the best general combiner with mean value of 1238.23 µm 2 . The cross L5-1×70NO2-2 exhibited the maximum specific combining ability with mean value of 1327.90 µm 2 . The estimates of heritability in Table 3 showed narrow and broad sense heritability 0.52 and 0.51 respectively that was an indication for the presence of complete dominance gene action.
Epidermal cell size
The results of the joint regression analysis (Table 2) proved that the data was fit for genetic analysis and fully adequate for additive-dominance model. The graphical representation (Figure 4 ) revealed that regression line (b) intercepted the Wr-axis above the origin indicating additive type of gene action involved in the expression of this character. The relative position of array point on the regression line determined that inbred line 70NO2-2 received maximum dominant genes and inbred line L5-1 secured maximum recessive genes because of their closer and farther positions from the origin respectively. The mean values (Table 3) revealed that inbred line 150P1 proved to be the best general combiner with maximum mean value of 3379.69 µm 2 whereas inbred line L5-1 proved to be the poor general combiner because of the minimum mean value of (3083.24 µm 2 ). The cross 20P2-1×150P1 secured the highest specific combining ability mean value of 3801.58 µm 2 and L7-2×20P2-1 proved to be the poor specific combiner with mean value of 2654.17 µm 2 . There was high narrow sense heritability (0.80) and broad sense heritability (0.78) respectively.
Silk elongation rate
The results of joint regression analysis (Table 2) suggested that data were quite valid for additivedominance model. Figure 5 illustrates the additive type of gene action controlling the inheritance of this trait as the regression line intercepted the Wr-axis above the point of origin. The position of array points on regression line concluded that inbred line 70NO2-2 received maximum dominant gene and inbred line L7-2 secured maximum recessive genes being the closest and the farthest relative to the origin, respectively. The inbred lines 20P2-1 AND L5-1 proved to be the best general combiner with highest mean value of 7.43 cm while inbred line 70NO2-2 possessed minimum mean value of (6.98). The cross L5-1×150P1 also proved to be the best specific combiner with the highest cross value of 9.12 cm while L5-1×20P2-1 proved to be the poorest specific combiner with mean value of 6.25 cm ( Table 3) . As indicated by Table 3 , that narrows sense heritability (0.62) as well as broad sense heritability (0.55) was moderate due to the additive type of inheritance pattern in this trait. Moderate narrow sense heritability suggested that improvement could be made through individual plant selection in the later generations.
Anthesis to silking interval
The joint regression analysis (Table 2) suggested that data were suitable for additive-dominance model. As the regression line passed through Wr-axis above the point of origin, it signified that the inheritance of this trait was controlled by additive type of gene action. The position of array points on regression line (Figure 6 ) illustrated that inbred line 70NO2-2 received maximum dominant gene and inbred line 150P1 secured maximum recessive genes being the closest and the farthest relative to the origin, respectively. The inbred line L5-1 proved to be the best general combiner with highest mean value of 5.69 whereas inbred line 150P2-1 proved to be the poorest general combiner with mean value of 5.13 for anthesis to silking interval. The cross 20P2-1×L5-1 also proved to be the best specific combiner with the highest cross value of 6.87 and cross L7-2×70NO2-2 exhibited poorest mean value of 4.53 for specific combining ability. The narrow sense heritability (0.68) as well as broad sense heritability (0.67) was due to the additive type of inheritance pattern in this parameter (Table 3) .
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Grain yield per plant
The results of regression analysis (Table 2) indicated the adequacy of the data for genetic analysis. Additive type of gene action was observed in the inheritance of this trait as the regression line (b) passed through the Wr-axis above the point of origin (Figure 7 ). The distribution of array points along with the regression line (b) indicated that inbred line 150P1 received most of the dominant genes because of its presence nearest to the origin while inbred line 20P2-1 secured maximum recessive genes being the farthest from origin respectively. Table 3 suggests that inbred line L5-1 and 150P1 had good general combining ability as it secured maximum array mean value (115.51 and 115.68 g) whereas 70NO2-2 showed minimum mean value107.16 g as within arrays. The cross L7-2 × 70NO2-2 showed good specific combining ability effects and secured the highest value153.14 g whereas the cross 150P1 × L5-2 showed the lowest specific combining ability effects and secured the value of 90.19 g. Table 3 shows the values of narrow sense heritability (0.58) and broad sense heritability (0.50) that was an indication of the presence of additive gene action.
DISCUSSION
For general combining ability (GCA), 20P2-1 was the best general combiner for the epidermal cell size and grain yield and L7-2 for stomata size. The inbred line 70NO2-2 exhibited best GCA for leaf venation and 150P1 proved a good general combiner for stomata size, silk elongation rate and anthesis to silking interval. The crosses 20P2-1×L7-2 and L5×70NO2-2 had highest specific combining ability (SCA) values for grain yield per plant and leaf venation respectively whereas 20P2-1×150P1 exhibited best SCA for parameters like stomata size, epidermal cell size and anthesis to silking interval. Regarding inheritance patterns, over dominance was found to control stomata size and these results are in accordance with the results of Tabassum et al. (2005) under normal and water stress conditions. Negative combining ability results for stomata size were found which were according to the findings of Saeed et al. (2001) . Regarding epidermal cell size, additive effects were found which were supported by Mahmood et al. (2003) . In this present study, silk elongation rate increased at value which was supported by Carcova et al. (2003) . For anthesis to silking interval, additive gene action with partial dominance was found in contrast to the results of Afarinesh et al. (2005) and diverse anthesis to silking interval which was supported by the results of Sari et al. (1999) and Ribaut et al. (1996) . For grain yield per plant, low specific combining ability effects were observed and these were supported by the report of Gissa et al. (2007) . Water stress reduces grain yield (Kebede et al., 2001; Ge et al., 2005) . Additive effects for this trait were reported by Farshadfar et al. (2002) .
